Abstrtact Objective-To determine if one ambulatory blood pressure recording over 12 hours could detect those patients with mild hypertension who needed treatment according to the World Health OrganisationInternational Society of Hypertension (ISH) guidelines based on the casual measurement of diastolic blood pressure at successive visits to a clinic.
Design-Comparison of decision to treat based on one ambulatory measurement over 12 hours and standard blood pressure measurements over six months in the same patients.
Setting-Outpatient hypertension clinic. Subjects-130 men and women with diastolic blood pressure of 90-104 mm Hg at second visit to clinic.
Main outcome measures-Blood pressure measurements over six months. Measurement from ambulatory monitoring. Decision to treat.
Results-Of the 130 patients included, 108 were followed up over the six months. Treatment was started according to WHO-ISH criteria in 44 (13 at the third visit, 13 at the fourth, 18 at the fifth). According to the selected criteria for ambulatory blood pressure monitoring 41 patients would have been treated. Both methods agreed that the same 27 patients required treatment and the same 50 did not, but they did not agree in 31 patients. When calculated at the optimal diastolic blood pressure threshold determined by a receiver operating characteristic curve, the sensitivity, specificity, and positive predictive value of ambulatory blood pressure monitoring were 71% (95% confidence interval 57% to 84%), 82% (72% to 92%), and 66% (51% to 81%)/, respectively.
Conclusion-If the WHO-ISH criteria are accepted as the standard for deciding to treat patients with mild hypertension the predictive value of one ambulatory blood pressure recording over 12 hours is too low to detect with confidence those patients who need treatment when managed according to these criteria.
Introduction
In patients with mild hypertension the decision to treat is an important issue that has again come to the fore with the availability of several new techniques for measuring blood pressure. The rise in blood pressure induced by the act of measurement itself, referred to as the "white coat reaction," may lead to a false diagnosis of hypertension.' This is one reason why 40% of the patients included in large scale hypertension trials subsequently became normotensive with placebo. '3 The guidelines from the World Health OrganisationInternational Society of Hypertension (ISH) take this into account and recommend multiple mesurements over six months before treatment is started. 4 The basis for such a policy is, firstly, that multiple measurements may be expected to give a closer estimation of the true blood pressure and, secondly, that repetition of measures over time may decrease the reaction induced by the visit to the doctor. This protocol is presently the gold standard for the decision to treat mild hypertension because epidemiological data, classification of hypertension, and evaluation of treatment efficacy are all based on clinic readings and because the white coat reaction has been shown to diminish considerably after four months.2 This protocol, however, is tedious, risks losing patients to follow up, and the extent of its correct use by general practitioners is unknown. Consequently, it may prove to be less useful than expected when applied in reality.
Ambulatory blood pressure monitoring is a widely accepted method of measuring blood pressure, which avoids the white coat reaction' and becomes increasingly acceptable to patients as the equipment gets smaller. The value of a single ambulatory record in predicting the need for treatment has never been compared with that of a reference method. We assessed the predictive value of one 12 hour ambulatory blood pressure record for the decision to treat patients with mild hypertension by comparing it with the decision made during the six months' follow up in the clinic, according to the WHO-ISH protocol.4
Patients and methods A total of 154 men and women who were referred to the hypertension clinic of the Broussais University Hospital for evaluation of their hypertension were screened for inclusion in the present study. The inclusion criteria were (a) casual diastolic blood pressure between 90 and 11O mm Hg; (b) absence of 20 -y=-29.0 + 0.21 x, r=0.234, df= 1 14, p=0.0 symptomatic cardiovascular disease; (c) absence of secondary hypertension; and (d) willingness to I participate in the study. Patients already taking drugs E 10-for hypertension were not necessarily excluded. Those E patients in whom the indication for pharmaceutical , treatment was questionable were considered for the The same physician was in charge of all the patients throughout the study, and she performed all the DATA ANALYSIS clinical blood pressure measurements. At each visit a The Spacelabs computer eliminated obvious single blood pressure measurement was performed in technical inconsistencies and artefactual readings. We the morning with a mercury sphygmomanometer. also eliminated blood pressure readings when the The same arm was used for the same patient after difference between the systolic and diastolic blood 15 minutes in the lying position. Phase V of the pressure was less than 20 mm Hg and the systolic blood Korotkoff sounds was taken as the diastolic blood pressure was > 160 mmHg and when the difference pressure. As no patient had a large arm circumference between systolic and diastolic blood pressure was the same standard cuff (12x22 cm) was used for all > 140 mmHg. (5), (range Spacelabs 5200 monitor. The cuff (standard adult size, 17-44). This range was large because some patients did 12 cm width) was applied to the non-dominant arm. not undergo the full 12 hours of recording, and the The device was programmed to measure blood pressure device was sometimes unable to obtain measurements everv 20 monitor 5200 gives a mean (SD) diastolic blood was obtained by plotting the sensitivity (y axis) against pressure 5 3 (6) mm Hg lower than the mean diastolic 1 -specificity (x axis) of the ambulatory method for blood pressure measured simultaneously with a Remler different cut off points." A p value less than 0 05 was M2000 monitor.' In this study the Spacelabs monitor considered significant.
was compared with the auscultation method according to the following procedure. After the initial manual blood pressure measurement (and after five minutes' Results rest) the Spacelabs monitor was applied to the nonThe course of the study is shown in figure 2 . Of the dominant arm and two successive measurements 154 patients screened for the study, 35 were not performed while the physician simultaneously included at the first visit (19 y=0O97+0O52*Log(x,); r-=0O985 discordant 10 5 (3 0), treated 9 6 (3 3); F=0 5, over six months, although not validated by morbidityp=0 60). Measurement error, defined as the difference mortality studies, would avoid most of the overbetween the diastolic pressure measured by the diagnosis and overtreatment of hypertension. physician (mean of two measures) and the diastolic The proportion of patients who would have been pressure measured simultaneously by the automatic treated after a decision based on a single ambulatory device on the opposite arm, differed significantly record was comparable to that obtained by a physician between the three groups (untreated 10 5 (6 8), following the WHO-ISH guidelines. Before proposing discordant 7 9 (6 0), treated 5 1 (6 6); F=5 41, the replacement of casual measurements by this p=0 0056). This result, however, was explained by the method, the potential benefits derived from the negative correlation between this difference and the improved precision, reproducibility, and standardisablood pressure level, as shown in figure 1 . tion of the ambulatory measurement'5 must be weighed Finally, the only significant difference between the against several difficulties. These include reliability, three groups was in the blood pressure levels. The choice of the treatment threshold, and the health mean blood pressure was highest in the group of consequences of misclassifying patients. patients in whom both methods agreed that treatment
We evaluated the reliability of the Spacelabs 5200 should be started and lowest in the group in which both monitor in comparison with the Remler blood pressure methods agreed that treatment should not be initiated. recorder and found that the Spacelabs device underThe blood pressure level of the group in which estimated the blood pressure.6 In this study the the methods were in disagreement was around the diastolic blood pressure measured by the Spacelabs decisional thresholds for treatment.
monitor was 8 4 mmHg lower than that measured simultaneously by the physician. Casadei et al, however, found that the Spacelabs 5200 monitor overDiscussion estimated the diastolic blood pressure by 2 9 mmHg Our study shows that in a group of patients with when compared with the intra-arterial method."' These mild hypertension the use of treatment criteria based discrepancies could be explained by errors in individual on a single 12 hour ambulatory recording resulted in blood pressure readings or differences in the methods the same number of decisions to treat as the application used (oscillometry versus Korotkoff sounds or direct of the WHO-ISH guidelines.4 The correct application measurement). of these guidelines meant that only 44 (40-7%/o) of the Although such discrepancies might be sufficient 108 patients referred to our clinic for advice were reason to discard these devices in routine practice, treated with drugs at the end of the six month follow these limitations should be assessed in the context of up. Even if the recommendations provide a good the many reasons for the large interobserver differences means of selecting patients who need treatment, their seen with the auscultatory method. Aneroid manofeasibility in routine practice is questionable. Smith meters are still widely used by family practitioners, at and Clayton recently showed large variations among least in France, despite their inaccuracy. Burke et al British doctors in diagnosing hypertension, and only found that 30% of these devices had an error greater 24 of 187 patients labelled "hypertensive" had had than 4 mmHg when compared to mercury sphygmothree blood pressure readings before diagnosis."' In manometers and that 94%/o had a bladder shorter than addition, in many health care settings some patients the length recommended.' Even if the device and the may not accept a six month follow up period before a conditions of measurement are appropriate, observer decision is made and could seek a second opinion.
bias is still a problem. In an epidemiological survey, An appropriate diagnosis of hypertension or an regular and frequent retraining of technicians was inappropriate decision to treat could lead to con-necessary to decrease observer bias,"' a process which is siderable overtreatment of normotensive or mildly not applied to general practitioners. Finally, there hypertensive patients. By comparing ambulatory to is an unavoidable random difference between two casual measurement, Pickering et al found that white measurements performed on different occasions: the coat hypertension was present in 22% of 292 patients mean difference between indirect readings by the with mild hypertension defined by a diastolic blood auscultatory method taken on two occasions for pressure of 90-104 mm Hg." A comparable figure was individual subjects was 7 2 mm Hg. '9 obtained by Weber and Drayer, who showed that 20%
Even if the measurement error or ambulatory blood of subjects with levels > 140/90 mmHg according pressure monitoring is acceptable, the choice of the to repeated office readings were not hypertensive reference level above which an ambulatory blood according to 24 hour ambulatory measurements.'2 pressure can be defined as abnormal remains a major Using the Remler device, Waeber et al found that only issue. The usual definition of an abnormal level is that 40% of 245 untreated patients considered by their above the upper limit of the normal range of values physicians to be hypertensive had a mean blood obtained in a strictly normotensive population, usually pressure above 140/90 mm Hg during the day." defined as being above the 90th percentile or the About 60% of our patients remained untreated at the mean plus 2 SD. The diagnostic thresholds published end of follow up, a percentage higher than in these by various authors for the mean of daytime blood previous studies. This result could be explained either pressures obtained in men over 30 years old were by different patient selection or by the strict use of the between 88 and 94 mm Hg.2" With the device used in WHO-ISH recommendations for the decision to treat, the present study the diagnostic threshold for a which resulted in longer follow up of patients and in a population of normotensive subjects varied from higher number of visits before initiation of treatment. 91 mm Hg for people aged below 40 to 94 mm Hg for Both repeated measurement and the passage of time those aged 60 or more.' In a recent meta-analysis are necessary to avoid overdiagnosis of hypertension. of 23 studies comprising more than 3000 subjects, In the Australian trial, four months were necessary to Staessen et al estimated the diagnostic threshold at avoid most of the overdiagnosis of hypertension.' 91 mm Hg for daytime measurement.2' Like these Watson et al measured the blood pressure twice in authors, however, we underline that the relevance of standardised conditions on 12 occasions, about every these limits in relation to cardiovascular morbidity and week, in a group of 32 non-obese patients with mortality has not been studied yet. hypertension. They found that a minimum of six sets
The two methods reached opposite conclusions on of measurements were necessary before treatment was decision to treat in 31 of the 108 subjects. This group of started.'4 Thus, previous results and our present data patients had a mean blood pressure level inbetween suggest that a strategy based on six consultations those of the two other groups of patients in whom the BMJ VOLUME 305treatment criteria were in agreement (see table II ). This observation was true for measurement both by the physician and by the monitor. If the disagreement was due to a technical error we would expect the measurement error to be greatest in this group of patients. In fact, the measurement error in each group was related to the absolute blood pressure level, as expected from figure 1. Another explanation could be an inappropriate choice of the treatment threshold. The arbitrarv criterion based on reference values obtained in normotensive subjects, however, and the optimal threshold as determined by the receiver operating characteristic curve had comparable decisional value. The sensitivity and specificity of the former method were 61-4% and 78 1% respectively, figures not significantly different from those obtained by using the curve (7055% and 81-8% respectively). Consequently, it is unlikely that the classification obtained here would be altered by the use of a normality criterion derived from a larger sample of normotensive subjects. Classification errors reflect the random variation of blood pressures around the decisional threshold rather than an inappropriate choice of threshold or technical error in measurement.
We conclude that in a population of patients with mild hypertension a single 12 hour ambulatory blood pressure record selects the same proportion of patients to be treated as the WHO-ISH criteria.
Divergent conclusions, however, are often drawn at the individual level, which means that a single 12 hour ambulatory monitoring record cannot be proposed as a substitute for the WHO-ISH recommendations. The simultaneous use of the two methods in the same patient would result in confusion for both patients and physicians, as well as increased health care costs. In the absence of a prospective study comparing the incidence of cardiovascular complications in two groups of patients randomly allocated to one method or the other, a rational choice between these two methods for this type of patient is not possible. This problem is currently being researched by the home versus office monitoring (HOME) study. Risk stratification for open heart surgery: trial ofthe Parsonnet system in a British hospital Samer A M Nashef, Frances Carey, Maureen M Silcock, P K Oommen, Richard D Levy, M T Jones Operative survival, the most important performance indicator in heart surgery, is affected by preoperative risk factors.'2 Operative mortality cannot reflect the quality of treatment without knowledge of predicted mortality as determined by these risk factors. We applied Parsonnet's risk stratification system' to patients undergoing open heart surgery at Wythenshawe Hospital. The system allocates additive predicted mortality percentage points to 14 risk factors: age, sex, obesity, hypertension, diabetes, renal failure, previous cardiac surgery, preoperative intra-aortic balloon, catastrophic state, poor left ventricular function, left ventricular aneurysm, catheter laboratory complication, valve operation, and combined coronary and valve operation.
Patients, methods, and results
All patients undergoing open heart surgery in the year from 1 March 1991 were studied. Risk data were obtained from the case notes by audit staff, who are not medically qualified. One of us (SAMN) was available to help locate or interpret data in case of difficulty.
Predicted mortality was calculated and recorded preoperatively for every patient. Patients were classified into five risk groups: good (predicted mortality 0-4%), fair (5-9%), poor (10-14%), high (15-19%), and extremely high risk (20% or more). Operative mortality was defined as death temporally or causally related to surgery (death within 30 days of operation or in the same hospital admission as operation, regardless of cause). Information was entered into a database and results analysed by X test for trend.
There was little difficulty in data collection. Audit staff spent an average of 10 minutes per patient in obtaining information from the case notes and less than five minutes per patient in entering data into the computer. Information was available unambiguously in 92% of patients and obtained with medical help in the remaining 80/o. Of 1071 patients studied, 202 were female (19%), 97 were older than 70 (9%), 317 were hypertensive (300/%), 85 were diabetic (8%), and 17 were morbidly obese (2%). Left ventricular function was good in 70%, fair in 26%, and poor in 4%. Only 11
